The concept of launching small satellites to low earth orbits by means of standard gun is called to be fully implemented, for the first time since it was formulated. For this purpose, it is proposed to use the original Gun Launch System (GLS) being developed by several Ukrainian high-tech companies. This system is able to deliver the payloads weighing up to 5-7 kg to the altitudes of up to 100 kilometres. It is shown that the system, after proper modernisation, will be ideally suited for launching nano-and picosatellites, and have multiple advantages as compared to the conventional launch systems, as well as alternative NanoSat launchers being developed elsewhere. The program of the existing GLS improvement, testing and adaptation to launching satellites in question has been elaborated.
BRIEF PRE-HISTORY
The idea of launching small satellites to low earth orbits by means of standard gun was born back in the middle of the XX century. It was the HARP orbital program jointly financed by the Canadian and US governments in [1964] [1965] [1966] [1967] , that could be considered as a forerunner of the proposed approach. The ultimate goal of the HARP program was Martlet 4 -a full-bore, multi-stage, gun-launchable rocket. The original Martlet 4 parameters called for a vehicle with three solid stages able to launch a payload between 25 and 50 pounds into low earth orbit from the 16 inch L86 gun on the Barbados flight range with an all up shot weight on the order of 2000 pounds. Development trials for the Martlet 4 began in the fall of 1966 with tests proceeding into early 1967. The majority of the early work was conducted on the Highwater, Quebec test range where the structural integrity of the Martlet 4 first stage motor during gun-launching was proven.
Due to a series of obstacles, different in nature, the HARP was cancelled in the middle of 1967. It was not able to successfully gun-launch a satellite, although it proved the feasibility of a low-cost, gun-launched satellite system [1].
THE PROPOSED SYSTEM
Today there are good chances to prove viability and multiple advantages of the GLS as compared to the conventional launch systems, proceeding from the latest achievements in the field of micro-miniaturisation, nanotechnology, instrumentation and control of the satellites, as well as from advanced launcher technologies.
As a first step on this way, it is proposed to make demonstrations to the expert community of how the original GLS being developed by several Ukrainian high-tech companies works. The core of the system is a reusable sub-orbital launch vehicle (RSLV) equipped with the solid/combustion ram-jet engine, control and recovery systems (see figure below). Its length is 120 to 150 centimetres, diameter -150 or 203 millimetres (NATO Standard gun calibre adaptation is foreseen), weight -30 kilograms. The rocket projectile initial speed is 965 meters per second.
Figure
It is able, after being gun launched, to deliver the payloads weighing up to 5-7 kg to the altitudes of up to 100 kilometres. During the smooth descending phase provided by the parachute system, the instrumentation on-board the payload can secure, e.g., real time monitoring of natural disaster and man-made catastrophe, including real time television report from 150x150 km emergency area. It also makes possible scientific research of atmosphere and ionosphere, as well as in the field of micro-gravity (1-2 minutes of the "free fall" conditions are available), creation of certain types of temporary emergency telecommunications channels etc.
Thus, this system itself is of great value for a number of extremely important applications, and could, in particular, be an effective solution for GMES program. The most evident advantages include low cost of sub-orbital flight, independence of launch from whether conditions, short time preparation for gun launch (<5 min), high mobility of the gun launched infrastructure and some others.
The mentioned benefits could also be achieved in case of launching satellites weighing less than 10 kg. In order to develop the corresponding system and introduce it into practice, it is expedient to capitalise on the results achieved so far in Ukraine in case of the above described system. In particular, based on unique, patented technologies, the special test facilities have been created. This allowed to gain practical experience in developing the optical and electronic on-board equipment for 7 000-9 000 g overloaded conditions, corresponding to the Gun Launched conditions. Intensive works on the development of the small-size hypersonic engine are going on. Preparations for the flight tests of the main system modules in the regime of sub-orbital flight for the heights of 100 km and more are well under way.
TARGET PAYLOADS AND ALTERNATIVE MEANS OF DELIVERY
Proceeding from the possible weight of the payload in case of the described GLS, it is clear that nano-and picosatellites are the natural payloads for the GLS. One can mention, for example, low cost NanoSat with several kg payload for scientific research like "Munini" (Sweden). Picosatellites of both first generation (like CubeSat) and of the latest developments (like PRISM [2] ) are ideally suited for this type of launching technology. Femto-satellites (with weight <0.1 kg), coming to the fore most probably soon, can be added to the list.
For the time being, the only realistic option for this class of satellites to be launched is a cluster launch (or, in some cases, a piggy-backing). But disadvantages of this method of delivery to the proper orbit are too well known, first of all what concerns a very probable (long) time of waiting for the occasion to be launched. The cost of the launch can also be considered as unaffordable for many customers: in the best cases, it could not be less than 12-15K USD per kilogram.
The proposed approach can give a very cheap (dozens times less than the figures above) and fast response access to space for nano-and picosatellites. Thus, a dedicated launch for these satellites, unimaginable now, becomes a reality with GLS.
One should mention some recent developments taking place elsewhere and aiming at creation of the launchers for nanosatellites. In the end of 2004, students from California State University in Long Beach launched the Prospector 5 -a full-scale developmental version of the first stage of the proposed NanoSat Launch Vehicle (NLV) that presumably could one day loft satellites weighing up to 10 kilograms. The launch took place in the Mojave Test Area in California. The Prospector 5 failed to meet its 1,500 meter target altitude, but reportedly the rocket carried a parachute that allowed the students to recover much of the hardware for possible use in future test launches. Nothing has been said about the possible terms when NLV could be available for launching nanosatellites [3] .
The NanoSat Launcher (NL) being developed by JP Aerospace (JPA) looks to be at a more advanced stage [4] . Designed to provide primary orbital launch services for payloads up to 5 kilograms, the NL system uses a high altitude air launch method to achieve orbit. It consists of an air launched two or three stage rocket and a lighter than air launch platform. It is claimed that operationally, the stationary launch platform at 30,000 meters may enable the launch of four independent vehicles into different LEOs at the same time. There was made a prototype platform successful flight test to over 15,000 meters.
THE ROADMAP
The program of the existing GLS improvement, testing and adaptation to launching satellites in question has been elaborated. It foresees, in particular, the following major steps:
• Testing of the closest analogues of the future payloads in the nominal mode of operation for the heights of 6 to 10 kilometres . the aim is checking of workability of the maim modules , such as micro-mechanical and special optical devices [2] , inflatable structures [4] and others. This stage can take 6-12 months.
• The same modules are to be tested for the modernised basic payload (e.g. of the CubeSat IX type) for the heights of 40 to 60 kilometres. Expected duration of this stage is up to 12 months.
• Methodology development for the suborbital flight; 6 month duration.
• Development of the main GLS modules and the orbital launcher testing. At this stage both launcher and the whole launch system are to be modernised on the basis of the existing, serially produced elements, but with utilisation of the new technologies. Experience of the Martlet 4 system development will be taken into consideration.
• NATO Standard gun calibre adaptation will be implemented.
The test ranges in Ukraine (in particular, in the Black Sea region), in Sweden (Kiruna), Overberg Test Range (OTB) in South Africa and some others are being considered as candidates for the GLS testing.
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